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MutationAbstract The case of establishment of paternity of an aborted fetus was examined with 15 auto-
somal STR markers. The genotype of the fetus was X at amelogenin marker and showed inheritance
of both the alleles of father at D21S11 marker, thus displaying unusual tri-allelic pattern. The cases
where mutation in any of biparental autosomal STR markers is observed, the use of additional STR
marker system is recommended. On testing all the three samples with 12 X-STR markers, all the
maternal and paternal alleles were accounted in the female fetus except at DXS10135 marker.
The genotypes of mother, fetus and father at DXS10135 were 20, 22; 20, 20 and 21, which confirmed
mutation of the paternal allele in the female fetus. The paternal allele contracted from 21 to 20. The
allele peak heights of D21S11 and DXS10135 markers were also examined to rule out the possibility
of any false allele. The probability of paternity was 0.99999999, which confirmed the paternity of
the fetus. This paper presents unusual occurrence of mutation observed with two multiplex STR
systems, with AmpflSTR identifier plus Kit (Applied Biosystems, Foster City, CA) and Investigator
Argus X-12 multiplex kit (Qiagen, Germany), thus suggesting forensic DNA experts on high alert
while interpreting the DNA test results.
 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
The genetic analyses in paternity and in forensic casework are
based on the detection of short tandem repeats (STRs), which
are small sequences of DNA made up of repeating units of
2–6 nucleotides.1–3 Various STR based multiplexes have been
developed on autosomal and gonosomal markers which have
now become indispensable tools for determining individual
Fetus paternity establishment 293identities and are being used widely in the forensic casework
including paternity establishment, disasters and rarely in disor-
der diagnostics. The analysis of STRs polymorphism located
on the autosomal, X and Y chromosomes has been the focus
of much research in the field of population genetics, forensics
and clinical genetics in recent years. STR markers located on
autosomal chromosomes transmit to the next generation in
the Mendelian inheritance model where biological offspring
shares one allele from father and the other from mother on
all the tested loci. While the X chromosome has a specific
inheritance pattern of allele transfer where the women are
deciduous and follow mendelian inheritance while, men
are hemizygous and have the single X from the mother.4 The
Y-chromosome being inherited from the paternal side trans-
ferred as such in all blood relative males of a family and so
defines only patrilineages.
The chromosome number alterations are observed on the
autosomal chromosomes and are detected sometimes during
forensic DNA typing. Trisomy 21, commonly known as Down
syndrome (Fig. 1), is one of the best-recognized and most com-
mon chromosome disorders, which is the cause of significant
mental retardation and physical anomalies. The incidence of
Down syndrome is approximately 1/800 newborns. An erred
combination of chromosomes at the time of oogenesis and
spermatogenesis results in either one of them having an extra
chromosome. So after the egg and sperm unite, the resulting
cells will also have an altered number of chromosomes. In
about 95% of cases the extra chromosome 21 is of maternal
origin, but, we present here a case with 21 trisomy from the
father. We also report here mutation detected in two different
STR multiplex systems, probably the first time, in which on
genotyping of mother, father and female fetus showed trisomy
at D21S11 marker with the inheritance of both the paternalFigure 1 Results of Karyotyalleles with AmpflSTR identifier plus Kit (Applied Biosystems,
Foster City, CA) and mutation at DXS10135 marker on test-
ing the same trio with Investigator Argus X-12 multiplex kit
(Qiagen, Germany).
2. Material and methods
Referral blood samples of mother and father along with an
aborted fetus were received as case exhibits for establishment
of paternity of fetus to the DNA Fingerprinting Unit of State
Forensic Science Laboratory, Sagar (MP) India, along with
identification and consent forms as per the guidelines of
DNA fingerprinting examination. DNA isolation was done
by Automated DNA extraction system 12 GC (PSS, Japan),
using prefilled cartridges supplied by the manufacturer. Quan-
titative assessment was done by ABI 7000 Real Time PCR
(Applied Biosystems, Foster City, CA). Multiplexed PCR
amplifications of the 15 autosomal STR Loci: D8S1179,
D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317,
D16S539, D2S1338, D19S433, VWA, TPOX, D18S51,
D5S818, FGA and Amelogenin were performed using the
AmpflSTR identifiler plus Kit (Applied Biosystems, Foster
City, CA) according to the manufacturer’s recommended pro-
tocol. Multiplexed PCR amplifications of the 12 X STR Loci:
DXS10103, DXS8378, DXS7132, DXS10134, DXS10074,
DXS10101, DXS10135, DXS7423, DXS10146, DXS10079,
HPRTB and DXS10148 and Amelogenin (sex determining
marker) were performed using the Investigator Argus X-12
PCR Amplification Kit (Qaigen) according to the manufac-
turer’s recommended protocol. The PCR reagents have been
standardized in the laboratory for consistency of results.
PCR was performed using the half reaction volume of theping showing 21 trisomy.
Table 2 Genotype of 12 X-chromosomal STR m in mother, child and father with paternity index.
*The paternal allele 21 is mutated to 20 in the child.
Table 1 Genotype of 15 autosomal STR markers in mother, child and father and paternity index.
*The paternal allele 30, 31 were inherited to the child.
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9700 thermal cycler (Applied Biosystems, Foster City, CA).
The amplified PCR products were run on 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA) following
the recommended protocol. The samples were prepared using
10 lL of Hi-Di formamide (Applied Biosystems, Foster City,
CA), with 0.125 lL size standard and 0.5 lL of the amplified
PCR product. The samples were denatured for 3 min at
95 C and snap cooled on ice before loading onto the instru-
ment. The analyzer was equipped with 36 cm arrays, with sep-
aration of fragments using POP-4 polymer (Applied
Biosystems, Foster City, CA) and the data were analyzed with
Gene Mapper ID Analysis Software (Applied Biosystems, Fos-
ter City, CA). A peak detection threshold of 50 RFUs was
used for allele designation.
3. Results and discussion
The DNA profiles of mother, female fetus and father were gen-
erated with 15 autosomal, 12 X chromosomal tetranucleotideSTR and gender specific amelogenin markers. The maternal
and paternal alleles at the examined STR markers were
unambiguously assigned to fetus except inheritance of both
allele of father at D21S11 (Table 1 and Fig. 1) and paternal
allele mutation at DXS10135 STR markers (Table 2). The
genotype at D21S11 marker in mother, fetus and father was
28, 30; 28, 30, 31; 30, 31 respectively which confirmed trisomy
28, 30, 31 in child with the inheritance of both 30, 31 paternal
alleles (Fig. 2). The genotype at DXS10135 marker in mother,
fetus and father was 20, 22; 20, 20; 21 respectively confirmed
paternal allele mutation with contraction of allele from 21 to
20 (Fig. 3). The probabilities of paternity at autosomal and
X chromosomal STR markers were 0.99999999 and 0.99999
respectively establishing the reasonable degree of inclusion of
paternal alleles in the child.
The 21 chromosome trisomy is a genetic disorder where the
child inherits two copies of chromosome from either parent.
The chance of inheritance is predominately from maternal side
as compared to paternal alleles. The chromosomal karyotyp-
ing is the conventional and most widely used method of diag-
Figure 2 Paternity examination of child (fetus) with 15 autosomal STR markers.
Fetus paternity establishment 295nosis of trisomy. The karyotyping detects the chromosomal
aberration, but cannot reveal the inheritance pattern. The
DNA profiling method elaborates the genetic composition of
chromosomal trisomy with the inheritance pattern in a very
short time.
The allele mutation is the other finding of this study. The
additional STR markers were examined to support the
paternal allele inclusion in the fetus on observation of
trisomy at D21S11 marker. The STR markers are prone to
mutation but it has been reported that longer alleles may
undergo contraction and shorter alleles may undergo expan-
sion due to polymerase slippage with more prevalence from
paternal side.5 The paternal allele at DXS10135 marker
underwent one unit contraction from 21 to 20 tetra nucleo-
tide repeats. The allele peak heights of D21S11 and
DXS10135 markers were also examined to rule out the pos-
sibility of any false allele and the peak height of relative flu-orescence unit was also found similar to each in
heterozygous alleles (Table 3). The paternal inheritance is
the rare event and this combination of genotype is probably
reported first time. There may be linkage of inheritance of
autosomal and X chromosomal markers and this was
observed in the present study. It is also important to notice
that marker DXS10135 in Investigator X 12 multiplex kit
has been reported as most polymorphic marker in a recent
study on Indian population.6
3.1. Quality control
All the authors have passed proficiency testing and quality
control exercise for DNA fingerprinting of GITAD, Spain
(http://gitad.ugr.es/ principal.htm). Also internal laboratory
control standards were followed and controls provided with
multiplex kits used.
Figure 3 Paternity examination of child (fetus) with 12 X-chromosomal STR markers.
Table 3 The peak height in relative fluorescence unit is similar
to each in heterozygous alleles.
*Showing inheritance of both the alleles from father on D21S11 and
mutation of paternal allele at DXS10135.
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This is a unique and rare report of inheritance of both
the alleles of father at D21S11 and simultaneous mutation of
paternal allele at DXS10135 marker. The forensic scientists
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